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Method of and device for recording information 



The present invention generally relates to the recording of information, 
particularly digital information, on a recording medium having at least one recording track 
divided into logic blocks. The present invention relates in particular to tape recording and 
will therefore be elucidated hereinafter specifically for this example of use but it is 
emphasized that the present invention likewise applies to other recording media such as, for 
example, magnetic discs, optical discs etc. 

In general, the amount of information to be recorded in a recording session is 
greater than one block. The information to be recorded, also referred as "file", is then divided 
into successive data packets having the size of one block, and the successive data packets of a 
file are recorded in different blocks of the tape. For a rapid data transfer it is then desirable 
that the successive data packets are recorded in successive blocks. The recording process can 
then proceed virtually continuously. Likewise, during the subsequent reading (playback) of 
the information recorded on the tape the read process can proceed continuously. 

In practice, a tape may exhibit defective blocks, i.e. blocks where a faultless 
recording of information is no longer possible and/or where any resulting small write errors 
can no longer be corrected during reading. Such a block is then no longer suited for 
recording. 

One possibility of still correctly recording the information to be recorded is to 
skip the defective block and to record it in the next non-defective block. It is also known to 
reserve a spare recording area on a recording medium, which area is intended for replacement 
of any defective blocks. When during recording a defective block is found, recording is 
effected in a block of the spare recording area instead of in the defective block. After 
recording of a data packet in a block of the spare recording area the recording of the 
following data packets is continued in a block following the defective block. 

A common feature of both methods is that at least one jump of the write head 
to another position on the recording medium is required and likewise that at least one jump 
of the read head to another position is required to read the information. These jumps of the 
read and/or write head take comparatively much time and reduce the average transmission 
speed of the information. This is particularly undesirable in situations in which a very high 
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transmission speed is required, as for example in a real time recording of audio and/or video 
signals. 

The problem described above even occurs in the case of recording media 
where the movement of the read and/or write head to another position is comparatively fast, 
such as an optical disc or a magnetic disc. The problems described above become even more 
preponderant in the case of a linear recording medium such as a magnetic tape, in which case 
the write and/or read head is stationary and the relative movement of the write and/or read 
head is obtained by forward or reverse winding of the tape. 

It is an object of the present invention to provide a solution for the afore- 
mentioned problems. 

The present invention proposes to solve said problems by temporarily loading 
the data packet to be recorded into a fast auxiliary memory each time that a defective block is 
encountered during a recording mode. This fast auxiliary memory can be, for example a 
RAM or a magnetic disc, or an optical disc etc. Depending on the available storage capacity 
it is also possible that the data packet to be recorded is first loaded at a very high speed into a 
first auxiliary memory having a comparatively limited storage capacity, for example a RAM, 
and from this memory it is copied at a lower speed to a second auxiliary memory having a 
higher storage capacity, such as for example a magnetic or optical disc, after which the first 
auxiliary memory is free again. This first auxiliary memory thus in fact functions as a buffer 
(cache) for the transfer to the second auxiliary memory. 

While the data packet to be recorded in the defective block is loaded into the 
fast auxiliary memory the write head is moved to the next block at the "normal" operating 
speed. Assuming that the last-mentioned block is not defective, the data packet destined for 
this block is actually recorded in this block. However, when another defective block is 
encountered the data packet destined for this defective block is again stored in the auxiliary 
memory, as described hereinbefore. The tape is then moved at a substantially constant speed 
without repeated forward and/or reverse winding. 

When all the information to be written has thus been recorded the information 
stored temporarily in the fast auxiliary memory is recorded in a spare area reserved especially 
for this purpose on the recording medium. In the case that the recording medium is a tape the 
spare area is preferably situated at the beginning of the tape. Once said information has been 
copied from the fast auxiliary memory to said spare area reserved on the recording medium, 
the recording session is finished. It will be evident that, as a result of the proposed recording 
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method, the information processing speed is not affected by the possible occurrence of 
defective blocks, not even if the number of defective blocks is large. 

In accordance with the present invention a similar process is carried out dialing 
the playback or read-out of the recorded information. When the tape is loaded into a read 
apparatus the tape is first rewound to the beginning of the spare recording area and the 
information recorded in the spare recording area is copied to a fast auxiliary memory. During 
read-out of the tape the information corresponding to the respective defective block is read 
out of the fast auxiliary memory each time that a defective block is encountered. Thus, it is 
also possible to attain the maximum data transfer rate for the read apparatus (maximum 
device data rate) during read-out without any adverse effect of the possible presence of any 
defective blocks. 

These and other aspects, features and advantages of the present invention will 
be elucidated further by means of the following description with reference to the drawings, in 
which: 

Figure 1 diagrammatically shows a part of a recording apparatus; and 
Figure 2 diagrammatically shows the logic structure of a tape. 

Figure 1 shows a block diagram of a part of a recording apparatus which in 
general bears the reference numeral 1 and which is suitable for recording real-time video 
and/or audio signals S on a tape 2. The tape 2 can be a magnetic tape. As is known, the 
apparatus 1 has a write head 4 for writing information onto the tape 2. The write head 4 is 
mounted stationarily and the tape wound on reels 3a and 3b is moved past the stationary write 
head 4, for which purpose the apparatus 1 has drive means for making the reels 3a and 3b 
rotate, as indicated by the arrows PI and P2 in Figure 1, but for the sake of simplicity these 
drive means are not shown in Figure 1 . 

The apparatus 1 includes a functional unit 1 0, which will be referred to as control unit. The 
control unit 10 is coupled to said reel drive means in order to control said drive means in a 
manner known per se and not shown. The control unit 1 0 has an input 1 1 for receiving a 
signal S to be recorded and is coupled to the head 5, as indicated diagrammatically by the 
signal line 12, in order to record the signal S onto the tape 2. Figure 2 illustrates 
diagrammatically the logic storage structure of a tape 2. As is shown in Figure 2, the tape 2 is 
divided into successive blocks 45. As is known, the information S to be recorded is divided 
into successive data packets and each data packet is recorded in a block 45, which is referred 
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to hereinafter as "block writing session". For the sake of simplicity it is assumed herein that 
successive data packets are written into successive blocks 45. 

Hereinafter, the aggregate of information to be recorded in response to a write 
command will be termed a "file"; the entire process of recording a file will be referred to as a 
"file writing session". 

During or immediately after the recording of a data packet into a block 45 it is 
tested whether the data packet has been written successfully into the relevant block 45. Such 
test processes are known per se and will not be described in greater detail hereinafter. It is to 
be noted merely that after a data packet has been written into a block 45 the control unit 1 0 
has information relating to the result of the write operation. Two situations are then possible. 
A first situation, referred to as "correct", occurs if writing has been performed correctly or if 
possible errors can be corrected without any problems by means of a standard error 
correction process. A second situation, referred to as "defective", occurs in the case of a 
defective block 45*. The control unit 10 is adapted to start a following block writing session 
with regard to the next data packet in the signal S and the next block 45 of the tape in the 
customary manner in the case that the situation is "correct" upon completion of a block 
writing session. 

In accordance with an important aspect of the present invention, however, the 
control unit 10 is adapted to store the relevant data packet temporarily in a fast auxiliary 
memory 20 of the recording apparatus 1 in the case that the situation is "defective" upon 
completion of a block writing session. This is referred to as an "auxiliary writing session". 

For this purpose the recording apparatus 1 includes a buffer memory 1 3 
associated with the control unit 10. The control unit 10 is adapted to always store the data 
packet being written instantaneously into a block 45 of the tape 2 during a block writing 
session also in the buffer memory 13, as is represented by the signal line 14. When at the end 
of a block writing session the situation is "correct" the information in the buffer memory 13 
is no longer needed. However, the control unit 1 0 is adapted to copy the data of the data 
packet just processed of the signal S from the buffer memory 13 to the fast auxiliary memory 
20, as is represented by the signal line 15, when the situation is "defective" after a block 
writing session. 

It is possible that this copying step proceeds so rapidly that it does not delay 
the start of a following block writing session. However, in order to be independent of this, it 
is preferred that the control unit 10 includes at least two buffer memories 1 3 1 and 132, and the 
control unit 10 is adapted to use these two buffer memories 1 3 1 and 132 alternately, as a result 
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of which, even while a data packet is being copied from the one buffer memory 1 3 1 to the 
fast auxiliary memory 20, a following block writing session can yet be carried out, in which 
the relevant data is written into the other buffer memory 132. 

Furthermore, it will be possible that the control unit 1 0 already knows that the 
relevant block is a defective block before the start of a block writing session. In this case the 
process of writing to the defective block need not be carried out and the data packet can be 
loaded directly into the auxiliary memory, either with or without the use of the buffer 
memory 13. 

It is to be noted that recording apparatuses generally include a memory as a 
buffer for this purpose of coping with speed differences between a data source and the 
recording medium. Said buffer memory 13 may form part of such a memory or may be a 
separate memory. In the scope of the present invention it is important that the whole content 
of a data packet is still present in the buffer memory at the end of a block writing session, in 
order to enable said data packet to be copied from the buffer memory to the fast auxiliary 
memory 20 if the block writing session is unsuccessful. 

As is known, each block 45 of the tape 2 has a unique number or address, 
hereinafter referred to as the "block number" B. The start address of the section in the fast 
auxiliary memory 20 into which a data packet is to be loaded is referred to hereinafter as the 
"section start address" M. In accordance with an important aspect of the present invention 
the relevant block number B of the relevant defective block 45* and the relevant section start 
address M are also stored when a data packet is copied from the buffer memory 13 to the fast 
auxiliary memory 20. This information, hereinafter also referred to as "bookkeeping data", is 
preferably loaded into a part of the fast auxiliary memory 20 which has been reserved 
especially for this purpose, and forms a substitution table M(B). 

When all the block writing sessions have been completed the tape 2 contains a 
new part where the signal S, i.e. the file f, has been recorded. Figure 2 diagrammatically 
shows two such files fi and f2. When it is assumed that said part of the tape 2 contains 
defective blocks 45* the file f just written exhibits faults because the data packets recorded in 
these defective blocks 45* are mutilated or missing and the correct data packets are still in 
the fast auxiliary memory 20. In accordance with an important aspect of the present invention 
these correct data packets, including said bookkeeping data, are written from the fast 
auxiliary memory 20 into a spare recording area 3 of the tape, which area has been reserved 
especially for this purpose and, as is illustrated in Figure 2, is preferably situated at the 
beginning of the tape 2. This process will be referred to as a "substitute writing session". 
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For this, several variants are conceivable. In a first variant the substitute 
writing session is always carried out for each individual file to be recorded. For this purpose, 
the control unit 1 0 is adapted to control said tape transport means upon completion of all the 
block writing sessions, so as to move the tape 2 with respect to the write head 4 in such a 
manner that the write head 4 is situated at the beginning of a free portion in the spare 
recording area 3. Subsequently, the data including the bookkeeping data is copied from the 
fast auxiliary memory 20 to the spare recording area of the tape 2 under control of the control 
unit 10, as is represented by the signal line 16 in Figure 1 . Thus, a set of substitute blocks 
corresponding to the file f is written into the spare recording area 3, which set is referred to 
hereinafter as a "substitute file r M . Figure 2 shows two such substitute files ri and r2, 
corresponding to the files fi and f2, respectively. After this substitute writing session the file 
writing session is finished. The apparatus is now ready for a subsequent file writing session. 

As an alternative it is possible to perform the substitute writing session not for 
each file writing session individually but jointly for a plurality of file writing sessions. The 
apparatus 1 is then already ready to perform a following file writing session when all the 
block writing sessions belonging to one file writing session have been completed. The 
substitute data then remains stored in the fast auxiliary memory 20 and the substitute data of 
a following file writing session is additionally loaded into the auxiliary memory 20. Thus, a 
plurality of file writing sessions can be performed without the tape having to be wound 
towards the spare recording area 3 and back between two consecutive file writing sessions. 
The tape 2 is then rewound to the spare recording area 3 only when the apparatus 1 is turned 
off or when the control unit 10 receives a command to enable the tape 2 to be removed from 
the apparatus 1 , and one substitute writing session is performed for all the defective blocks 
45* of all the files f. Thus, the reserved spare recording area 3 is updated with the 
information in the auxiliary memory 20 prior to any removal of the tape 2 from the apparatus 
1. 

The present invention also relates to an apparatus for and a method of reading 
a tape recorded in accordance with the principles underlying the present invention. Such an 
apparatus may be a completely other apparatus than the apparatus 1 just described but it is 
likewise possible that the described apparatus 1 is switchable between a write mode and a 
read mode. For the sake of convenience reference is made again to Figure 1 but the apparatus 
1 is now termed a read apparatus. 

The control unit 1 0 of the read apparatus 1 is adapted to copy the data from the 
spare recording area 3, including the bookkeeping data M(B), to the fast auxiliary memory 
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20, as indicated by the signal line 17, in a preparatory session each time that a new tape 2 is 
loaded into the read apparatus 1 . After this preparatory step the read apparatus 1 is ready for 
reading an arbitrary file f. 

When the read apparatus 1 receives a command from a user to read a given file 
f, the control unit 1 0 controls said tape transport means so as to position the head 4, which is 
now used as a read head, at the beginning of the relevant file f, after which the read-out of the 
data in the first block 45 of the file f begins. The information thus read is output via an output 

21, as is illustrated by means of the signal line 18. 

Each time that the read head 4 reaches the beginning of a block 45* whose 
address appears in the table M(B) of bookkeeping data in the fast auxiliary memory 20, 
which is an indication that the content of the relevant block 45* having the block number B is 
unreliable, the control unit 10 determines the start address M of the section of the fast 
auxiliary memory 20 where the relevant reliable spare data has been stored, which is effected 
with the aid of the information in said table, after which the control unit 1 0 reads the spare 
data out of the fast auxiliary memory 20 and inserts the information thus read into the output 
signal Q at the output 21 , as is indicated by the signal line 19 in Figure 1 . Thus, the 
information in the defective block 45* need not be read. 

This means, in other words, that the correct blocks 45 of the tape 2 are read in 
the customary manner and the information thus read is output in the customary manner but 
that the defective blocks 45* are skipped; instead of this, the information in the fast auxiliary 
memory is read and the information thus read is output in an otherwise customary manner. In 
this way it is achieved that an audio and/or video signal can be read in real time with a high 
reliability without the quality of the output signal Q being noticeably affected by any 
defective sectors 45* of the tape 2. An important aspect of the present invention is then that 
the tape 2 can be played back with a virtually constant speed, without the read apparatus 1 
having to wind the tape 2 back and forth to substitute recording locations. 
To consult the bookkeeping data M(B) in the fast auxiliary memory 20 the control unit 10 
may be adapted to first read the relevant block address B for each new block 45 to be read 
from the tape 2, then to verify whether this block address appears in the table M(B) in the 
memory 20, and then to decide whether the block 45 is to be read or substitute information is 
to be read from the memory 20. However, it is alternatively possible that the control unit 10 
is adapted to first read the addresses B of defective blocks 45* from the memory 20 before 
starting to carry out a read command, as a result of which the control unit 1 0 already knows 
whether or not a block is defective on receipt of this block. 
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The fast auxiliary memory 20 can be any suitable fast auxiliary memory, as 
will be evident to one skilled in the art. Suitable auxiliary memories are, for example, 
magnetic or optical discs. Alternatively, a solid-state memory or RAM can be a suitable 
memory. 

5 In summary, the present invention provides a method of and an apparatus for 

writing data onto and reading data from a recording medium such as an optical disc, a 
magnetic disc and, particularly, a tape. When a block of the recording medium is defective 
the data to be recorded in said block is stored in an auxiliary memory. Subsequently, all the 
data is copied from the auxiliary memory to a predetermined spare area of the recording 

10 medium. Conversely, when the recording medium is read, the data is first copied from the 
spare area of the recording medium to the auxiliary memory. When a block appears to be 
defective the correct information is read into the auxiliary memory. 

Thus, it is possible to write and or read a real-time audio and/or video signal in 
a reliable manner without the data transfer rate being adversely affected by the possible 

1 5 presence of any defective blocks. 

It will be evident to one skilled in the art that the scope of the present 
invention is not limited to the examples described hereinbefore but that that various changes 
and modifications thereto are possible without departing from the scope of the invention as 
defined in the appended Claims. For example, depending on the field of use, it is alternatively 

20 possible to divide the spare recording area over a plurality of locations on the tape. For 
example, an associated spare recording area r may be provided at the beginning or end of 
each file £ 

Furthermore, it is possible to copy the spare data from the auxiliary memory to 
the spare recording area in response to an appropriate command to terminate the prior 
25 recording session(s), without a removal of the tape being required. 



